T he twinkling facets of single crystals in mineral collections have inspired breathtaking artwork and magnificent buildings, such as the Sagrada Família in the Catalan city of Barcelona, Spain. Yet our understanding of the nucleation (the formation of tiny crystal seeds at the start of crystallization) and growth of even the smallest filamentary crystals, including nanowires, is fragmentary. This slows the implementation of nanowire-based technology in many areas of science, including electronics, photonics and quantum information. On page 317 of this issue, Jacobsson and colleagues 1 show how to control the crystal form adopted by nano wires at nucleation, thereby allowing the structure to be tailored for particular functions, and solving one of the most fundamental challenges in materials science and engineering.
Polytypism is the ability of a compound to exist as various crystal forms that differ only in terms of the sequence in which 'bilayer structures' of atoms stack in a given direction within a crystal lattice. Bilayer structures are arrangements of atom pairs connected by bonds, and can be thought of as subunits from which all the possible crystal types of a compound can be constructed. An archetype of polytypism in bulk crystals is that of silicon carbide (SiC), for which three bilayer structures (defined as A, B and C) are needed. Silicon carbide has more than 200 polytypes, corresponding to different combinations of the bilayers 2 . For cubic crystal systems, including the cubic structures adopted by silicon carbide and gallium arsenide (GaAs, a widely used semiconductor), the most common polytypes correspond to the zinc-blende (ABCABC) and wurtzite (ABAB) crystal structures.
The polytype formed is determined at the nanometre scale during nucleation. At this scale, the high surface-to-volume ratio of crystals can stabilize polytypes and specific crystal phases that are unstable in the bulk form. The formation of polytypes in nanowires is especially intriguing. Nanowires are often made using the vapour-liquid-solid (VLS) method, in which a liquid-metal droplet acts as a catalyst that gathers gaseous precursors and transforms them into a solid that grows beneath the droplet (Fig. 1) . The growth conditions determine which polytypes form for a given diameter of the nanowire.
Several theories [3] [4] [5] have addressed the question of which polytype forms during VLS nanowire formation, and have proposed that the triple-phase line (TPL, also known as the trijunction) -which separates the vapour, liquid and solid phases in VLS processes -has a decisive role. According to these theories, nucleation at the TPL favours formation of a wurtzite phase, whereas nucleation outside the TPL favours the zinc-blende phase. Control of whether nucleation occurs at or outside the TPL might be achieved by modifying the contact angle between the VLS droplet and the nanowire, but explicit experimental evidence to support this hypothesis has been lacking. This was particularly true for the technologically interesting family of arsenide and phosphide semiconductors.
Jacobsson et al. provide the first experimental evidence of the role of the TPL and the contact angle in polytype formation, going beyond simple growth conditions. By watching GaAs nanowires grow using a transmission electron microscope, they have determined the parameters that lead to wurtzite or zinc-blende structures. More specifically, they observed the changes of crystal phase that occur alongside variations in the flux of gaseous GaAs precursors (trimethylgallium and arsine).
The authors began by observing nanowire growth using VLS conditions that lead to formation of the wurtzite phase. They found that each new bilayer formed at the TPL, creating a complete, flat layer across the top of the crystal (Fig. 1a) . The liquid droplet became larger and richer in gallium as the flux of arsine was reduced.
When the droplet reached a certain size, Jacobsson and colleagues observed the sudden appearance of an edge -a facet of the nanowire that starts at the TPL within the liquidsolid interface (Fig. 1b) . The growth dynamics of the nanowire then changed drastically. New bilayers formed much faster than before, and each was accompanied by oscillation of the edge -that is, the position of the edge moved
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How crystals get an edge
Microscopy reveals how nanowires of a widely used semiconductor grow during preparation. The findings will allow the crystal phases of such nanowires to be engineered -a crucial advance for materials science. See Article p.317 1 observed that, when the contact angle of the droplet to the nanowire is close to 90°, the liquid-solid interface is flat, and favours ABAB stacking (the wurtzite crystal phase). b, Contact angles larger or smaller than 90° result in the formation of a crystal edge that starts at the triple-phase line (TPL, which separates the vapour, liquid and solid phases), and favours the ABCABC stacking of the zinc-blende phase. 
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nature.com/newsandviews outwards from the bilayer and then jumped back again. Once an edge appeared, further growth on the nanowire quickly adopted the zinc-blende structure. Previously grown wurtzite segments partially dissolved at the edge, but regrew as wurtzite. Jacobsson et al. propose that the size of the droplet determines both its contact angle with the nanowire and the morphology of the liquid-solid interface. They also suggest that contact angles of about 90° are compatible with a flat liquid-solid interface and with nucleation of bilayers at the TPL. By contrast, smaller or larger contact angles lead to the formation of an edge at the liquid-solid interface, starting at the TPL -which suppresses nucleation of new bilayers at the TPL, enabling the zinc-blende structure to form.
These results extend our knowledge far beyond the orthodox understanding of polytype formation, and provide a path towards crystal-phase design: it should now be possible to engineer VLS systems to select the crystal phase of GaAs that forms. But can polytypism be tailored for different VLS catalysts, or even in their absence? The answer could be crucial to avoiding the unintentional incorporation of impurities from catalysts into nanowires.
The functional behaviour of classical semiconductor heterostructures 6 (combinations of two different semiconductors) is controlled by the change of composition that occurs at the interface between the component materials -the interface modifies the potentialenergy landscape of charge carriers such as negatively charged electrons and positively charged 'holes' . In his physics Nobel lecture, Herbert Kroemer introduced the concept of engineering heterostructures to 'teach electrons new tricks' in electronic and optoelectronic applications 6 . The unintentional formation of different polytypes in heterostructures is detrimental to such applications. But Jacobsson and co-workers' findings about how to make polytypes reproducibly mean that we can add crystal-phase engineering to the list of techniques by which we teach new tricks to electrons, holes and their associated spins 7 , and might enable the development of new semiconductor applications. ■ 2 devised a minimally invasive method for lens removal, which left lens epithelial stem cells (LECs) intact. These LECs regenerated the lens in rabbits, macaques and children, eliminating the need for implants.
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T o correctly refract light onto the retina at the back of the eye, the cornea and lens must remain transparent throughout life. Treatments for opacification of the cornea or lens involve donor transplants or artificial implants, respectively, but these procedures can be risky. One promising strategy for avoiding rejection involves tissue engineering using the patient's own (autologous) cells. This approach has proved successful in treating people with ocular chemical burns, in whom autologous cells called limbal stem cells were used to replace the epithelial cells that make up the outermost layer of the cornea 5, 6 . However, it is not always feasible to harvest sufficient stem cells to grow in the laboratory. As an alternative, the conversion of adult cells into induced pluripotent stem cells (iPSCs), which can develop into any cell type 7 , could supply enough cells for therapy.
During embryonic development, ocular tissue is formed from three tissue layers, one of which, the surface ectoderm, gives rise to the corneal epithelium and lens. Hayashi et al. NEWS & VIEWS RESEARCH
